This paper' presents finite-element analyses of the cylinder specimen being used in the international Network for Evaluating Steel Components (NESC) large-scale spinningcylinder project (NESC-1). The objective of the NESC-1 project is to focus on a complete process for assessing the structural integrity of aged reactor pressure vessels. A new cylinder specimen was reconstituted from segments of the previously tested SC-4 and SC-6 specimens because the relatively high fracture toughness of the original specimen might preclude achieving the test objectives. The wall thickness is greater for the reconstituted specimen when compared with the previous specimen geometry (175 vs 150 mm). Also, the initial and coolant temperatures for the proposed thermal shock may be reduced as much as 25'C to increase the probability of achieving cleavage initiation. Analyses were carried out to determine the combined effects of increasing the wall thickness and lowering the initial and coolant temperatures in the experiment. Estimates were made of the change in hoop strain on the clad inner surface directly above a subclad crack due to initiation and axial propagation of the crack. Three-dimensional finite-element models of the cladded cylinder were generated with 6: 1 and 2: 1 semielliptical 70-mm-deep subclad cracks. The cylinder specimen was subjected to thermal-shock and centrifugal loading conditions and analyzed with a themo-elastic-plastic material model. The analytical results indicate that lowering the initial and coolant temperatures by 25'C will not significantly change the peak driving force, but will shift the stress-intensity factor (KI) vs temperature curves so that the crack will become critical at an
INTRODUCTION
In recent years, several international collaborative programs have been initiated to evaluate and exchange knowledge and capabilities in specific disciplines that support vessel and piping integrity assessments. The Network for Evaluating Steel Components (NESC), managed by the Comrmssion of the European Communities, was organized as an international forum to exchange information on processes of structural integrity assessment, to collaborate on specific projects, and to promote the harmonization of international standards.
The initial project proposed by the NESC is designed to study the entire process of structural integrity assessments of aged reactor pressure vessels (RPVs) containing underclad cracks. In this project, important safety assessment issues will be investigated by means of inspection and analysis of a large-scale spinning cylinder with thermal-shock loading (NESC-1). Updated design analyses of the NESC-1 specimen were performed in response to a request from the NESC Project Management. A new cylinder specimen was reconstituted from segments of the previously tested SC-4 and SC-6 specimens. This change was instituted because of concern that the relatively high fracture toughness of the original specimen might preclude achieving the test objectives. However, this change was accompanied by an increase in wall thickness of the specimen from 150 to 175 mm. Also, the initial and coolant temperatures for the proposed thermal shock may be reduced as much as 25°C to increase the probability of achieving cleavage initiation. This paper describes analyses carried out to assist the NESC Task Group on AnalysiT, to
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determine the combined effects of increasing the wall thickness and lowering the initial and coolant temperatures in the experiment. Estimates were made of the change in hoop strain on the clad inner surface directly above a subclad crack due to initiation and axial propagation of the crack. These estimates will be used to determine instrumentation needs for initiation detection.
PROBLEM DEFINITION
The cylinder specimen utilized in the analyses for NESC-I has a inner diameter of 1045 mm, a wall thickness (including cladding) of 175 mm, clad thickness of 4 mm, and length of 1296 mm. The cylinder was fabricated from A508B class 3 steel with a clad overlay of 308 stainless steel. The best representative material properties (that were obtainable) are given in Table 1 . These properties were provided by the NESC Task Group on Analysis; the base metal properties in Analyses were carried out for two inner surface subclad cracks with a crack depth of 70 mm and aspect ratios (crack length to crack depth) of 6: 1 and 2: 1. The assumed loading conditions consisted of the cylinder being heated to a temperature of 295°C. spun at increasing speed (maximum acceleration is 180 rpdmin) about its axial centerline up to a maximum speed of 2500 rpm, and then thermally-shocked on the inner surface with coolant at -2O'C to achieve cleavage crack initiation.
The analytical results are compared with material fracture toughness data taken from Ref. 
3-0 Flnlte-Flement Analvseg
Subclad semielliptical axial cracks at the inner surface having aspect ratios of 6:l and 21 and a crack depth of 70 mm were evaluated in this study. The 3-D ffite-element model of the cylinder was generated with the ORMGEN [3] where E = 189.1 GPa and v = 0.28. The thenno-elastic-plastic analyses were performed using the material properties in Table 1 and the stress-plastic strain curves depicted in Fig. 5 . At transient temperatures below the range for which marerial data are available, the measured properties are used that correspond to lower bound temperatures of the data set. The temperatures through the wall for each time step were obtained from the heat conduction analysis and were applied to the cylinder by interpolation. The "stress-free" temperature was taken as the initial temperature of the cylinder (residual stress effects were ignored). Fig. 7 , KI values are plotted as a function of time for positions 5, 7, 9, and 17 around the crack front (see Fig. 3 for these locations). The peak KI value is near the cladhase interface (position 7) at a time of 366 s. shown to be lower than the 6:l crack (peak KI value decreases by 8%) but the crack is still predicted to initiate. .. 
..i experiment, a 40-mm-deep semicircular axial inner-surface crack initiated near the surface and propagated in cleavage axially to become a 6:1 crack (approximately) of the same depth. Analysis of the 2:l subclad crack indicates that the crack will initiate near the cladhase interface (see Fig. 11 ). If the 2:1 subclad crack is assumed to initiate and propagate axially to become a 6:l crack, then estimates of the change in hoop strain at the clad inner surface directly above the propagating crack can be made. The principal strains for the 6: 1 and 2: 1 subclad cracks at a time of 366 s are shown in Figs. 12 and 13, respectively. The strain in the hoop direction for the 6:l crack has a peak value of 3.2% near the end of the crack. The hoop strain for the 2:1 crack has a smaller peak value of 2.3% and then drops to 0.13% at 173 mm from the center of the crack (near the location of the peak hoop strain in the 6: 1 crack). the inner surface is projected to measure a change in hoop strain of about 3%.
A large strain finite-element analysis was performed on the cylinder with the 6:l crack to determine the effect on the hoop strain. The principal strains are shown in Fig. 14. The KI values at the time of 366 s changed less than 0.4% from the small strain analysis, but the peak hoop strain increased from 3.2 to 4.1%. Assuming that the hoop strain in the 2:l crack would increase by about the same amount in a large strain analysis, the change in hoop strain (as measured by the strain gage) is projected to be about 4%. 25°C in the experiment, which results in the crack becomins critical at an earlier time in the transient. The peak KI value occurs at a lower temperature (after the crack becomes critical), which increases the probability of achieving cleavage initiation for a 6:l or 2:l 70-mm-deep subclad crack.
Estimates of the change in hoop strain on the clad inner surface were made, assuming that a 2:l subclad crack will initiate and propagate axially to become a 6:l crack. Small and large strain analyses indicate that a strain gage located on the inner surface near the peak strain of the 6:1 crack would measure a change in hoop strain in the range of 3 to 4%. A set of strain gages placed on the cylinder inner surface over a span of 70 to 210 mm from the crack center could provide strainfield measurements to determine crack propagation during the experiment.
These analyses have been based on material properties and boundary conditions (Le. stress-plastic strain curves and heat transfer coefficient) measured at temperatures higher than the lowest values achieved during the computed thermal transient. Subsequent analyses will be performed when new material properties become available for the lower temperatures.
The actual specimen will contain multiple deep cracks located at 90' intervals around the circumference of the cylinder. Future work wili include three-dimensional finiteelement analyses to determine the extent of interaction between multiple cracks in the cylinder.
